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beneficiaries with acute coronary syndrome
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Abstract

Background: Atrial fibrillation (AF) and heart failure (HF) are both common comorbid conditions of elderly patients
with acute coronary syndrome (ACS), but published data on their associated clinical and economic outcomes are
limited.

Methods: Our study included patients from the Medicare Current Beneficiary Survey with an incident
hospitalization for ACS between 03/01/2002 and 12/31/2006. Applying population weights, we identified 795
incident ACS patients, representing more than 2.5 million Medicare beneficiaries. Of this population, 13.1% had
comorbid AF, and 22.9% had HF, which were identified from Medicare claims during the 6 months prior to the
first ACS event (index date) Subsequent cardiovascular (CV) hospitalizations and mortality were compared using
Kaplan–Meier curves. Cox proportional hazards regressions were used to estimate the relative risk of AF and HF on
CV events and mortality. Healthcare costs were summarized for the calendar year in which the incident ACS event
occurred.

Results: HF was associated with a 41% higher risk of mortality (HR = 1.41; 95% confidence interval [CI] 1.05–1.89).
Both AF (HR = 1.46; 95% CI 1.14–1.87) and HF (HR = 1.61; 95% CI 1.26–2.06) were associated with higher risks of
subsequent CV events. During the year of the incident ACS event, ACS patients with comorbid AF or HF had
approximately $18,000 higher total healthcare costs than those without these comorbidities.

Conclusion: Using a nationally representative sample of Medicare beneficiaries, we observed a significantly higher
clinical and economic burden of patients hospitalized for ACS with comorbid AF and HF compared with those
without these conditions.
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Background
Acute coronary syndrome (ACS) is one of the most
common cardiovascular illnesses in the United States; in
2009, close to 1.2 million hospital discharges in the
United States had an ACS diagnosis [1]. ACS results in
significant morbidity and mortality [2]. Atrial fibrillation
(AF), the most common sustained cardiac arrhythmia,
and heart failure (HF) are frequent complications of
ACS [3-5]. AF and HF share many antecedent risk fac-
tors, and approximately 40% of individuals with either of
these conditions will develop the other [5]. Moreover,
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the development of AF appears to increase the risk of
mortality from HF and vice versa [3-5].
AF prevalence increases with age. The prevalence of

AF in the United States, estimated to be between 2.7
and 6.1 million in 2010, is expected to rise to between
5.6 and 12 million in 2050, as the population ages [6-8].
The incremental total healthcare cost of patients with
AF, when compared with those without AF, was esti-
mated to be $26 billion in 2008 US dollars, of which $6
billion was associated with services related to the AF
diagnosis [9].
According to the American Heart Association, the

prevalence of HF is also increasing, from 2.8% in 2010
to a projected 3.5% in 2030, when an additional 3
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million patients will be affected [10]. This represents a
215% increase in projected direct medical costs (from
$24.7 billion–$77.7 billion) and an 80% increase in pro-
jected indirect costs (from $9.7 billion–$17.4 billion)
related to HF between 2010 and 2030 [10].
Past studies have examined the impact of comorbid

AF and HF on the mortality of patients with ACS in the
real world. In a few recent studies, the occurrence of AF
among hospitalized ACS patients ranged from 4.4% to
11.8%, and was associated with mortality up to 1 year
post-discharge [11-13]. The Global Registry of Acute Cor-
onary Events (GRACE), one of the largest multinational
registries for ACS, also reported the impact of HF, when
developed as a complication during hospitalization, in
patients with ACS [14]. Although these studies have dem-
onstrated the adverse effects of comorbid AF and HF in
ACS patients in the hospital and up to 12 months post-
discharge, the associated impact on outcomes beyond 1
year has not been elucidated. Eventually, these patients
transition from acute care back to the community and are
managed with medical therapies. Further evaluation of
long-term clinical outcomes is needed, in order to address
knowledge gaps and understand the true burden of
disease. Moreover, there are limited published data on
economic outcomes, such as readmission, which are im-
portant from the payer’s perspective, especially Medicare,
because close to half of ACS patients are older than 65
years of age [15].
The objective of this study was to evaluate outcomes

in patients with ACS and comorbid AF and HF in
the Medicare population over an approximately 2.5-year
period.

Methods
Data source
We analyzed data between 2001 and 2006 from the
Medicare Current Beneficiary Survey (MCBS), a panel
survey sponsored by the Centers for Medicare and
Medicaid Services. MCBS uses a multistage, stratified
sampling design to allow findings to be representative of
all Medicare beneficiaries [16]. A panel of approximately
4000 beneficiaries is recruited each year and followed for
4 years, yielding data from four panels of approximately
16,000 beneficiaries in a given year for cross-sectional
analysis.
MCBS collects a wide variety of data on socioeconomic

characteristics and healthcare resource utilization and
costs. Survey responses regarding healthcare use are com-
bined with Medicare Part A and Part B administrative
billing claims to provide a complete picture of beneficiar-
ies’ use of health services. For each panel, 3 years of
complete healthcare utilization data are collected, includ-
ing, Medicare- and non-Medicare–reimbursed healthcare
utilization. The medical claims reimbursed by Medicare
contain information on dates of service; International
Classification of Diseases, Ninth Revision, Clinical Modifi-
cation (ICD-9-CM) diagnosis and procedure codes; and
costs. Data analyzed were encrypted and compliant with
the Health Insurance Portability and Accountability Act;
therefore, the study was exempted from institutional re-
view board review.

Study sample selection
ACS patients were selected from the MCBS based on in-
patient medical claims with an associated diagnosis of
ACS (ICD-9-CM: 410.×× [except 410.×2], 411.1×, and
411.8×) in any diagnosis fields from the Medicare Part A
claims between March 1, 2002, and December 31, 2006.
We chose this period after the approval of clopidogrel,
which became the standard of care, to reflect the current
burden with all available evidence-based medical therap-
ies. The date of the first ACS admission was denoted as
the index date. Beneficiaries had to have been in the
database for at least 6 months prior to the index date to
be included, but those who had any ACS events during
those 6 months were excluded. Patients were then
stratified into cohorts based on whether they had any
Medicare claims with ICD-9-CM diagnosis codes for AF
(427.31) or HF (428.xx) during the 6 months prior to the
index date.

Patient characteristics
Baseline demographic and socioeconomic characteris-
tics, including age, gender, race, region of residence, em-
ployment status, education status, income level, marital
status, and living arrangements were examined. Medi-
care claims during the 6 months prior to the index date
were used to identify hypertension and hyperlipidemia
and to measure the Charlson Comorbidity Index (CCI),
a score derived by weighting 17 conditions to predict
mortality [17].

Healthcare costs
MCBS combines survey responses and Medicare claims to
report total healthcare costs, including both Medicare-
and non-Medicare–reimbursed services. Annual health-
care costs were summarized for the calendar year in which
the incident ACS event occurred. We reported combined
costs of plan-paid and beneficiary out-of-pocket payments.
Total healthcare costs and costs by settings, including
inpatient hospital, medical provider, short-term facility,
long-term facility, outpatient hospital, prescribed medi-
cine, home health, dental, and hospice were reported.

Study outcomes
Mortality was ascertained from hospital discharge status
(actual date available) or from the survey data (reported
monthly). Cardiovascular (CV)-related rehospitalizations
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were identified based on Medicare Part A claims with
associated diagnoses (Table 1). All outcomes were evalu-
ated from the index date until loss of follow-up (up to
2.5 years).

Analysis
Descriptive results were reported by comparing AF vs
non-AF and HF vs non-HF beneficiaries. Means and
standard errors were reported for continuous variables
and proportions for categorical variables. Chi-squared
tests were used to detect differences for categorical vari-
ables between cohorts, and Student’s t-test was used for
mean age. Since healthcare costs were skewed, we used
an unadjusted generalized linear regression model with
log link and gamma distribution to test for statistical dif-
ferences [18]. Kaplan–Meier curves were plotted for sur-
vival probability and outcome-free survival probability
for CV-related readmission, censoring at loss of follow-
up. The log-rank test was used to detect unadjusted dif-
ferences in Kaplan–Meier curves between study cohorts.
Cox proportional hazards regressions were used to as-
sess the risk of mortality and CV-related readmission as-
sociated with comorbid AF or HF, adjusting for patients’
age, gender, race, income level, education level, marital
status, and a CCI modified by the exclusion of AF and
HF. Hazard ratios (HR) and 95% confidence intervals
(CI) were reported. A generalized linear regression
model with log link and gamma distribution was also
run on total healthcare costs adjusted for the similar
covariates to assess the economic burden associated
×with AF and HF. Analyses were conducted using sur-
vey command from SAS 9.2 (Cary, NC) and STATA 11.0
(College Station, TX) incorporating population weights
and clustering from multistage sampling design for
robust estimates of variances.

Results
Over a 58-month period—between March 2002 and
December 2006—this study identified 795 patients with
ACS, representing close to 2.5 million beneficiaries.
Of these patients, 13.1% had AF, and 22.9% had HF
(Table 2). There were cross-cohort differences in patient
characteristics when comparing HF with non-HF bene-
Table 1 Diagnosis codes to identify cardiovascular-related
rehospitalization

ICD-9-CM codes Description

410.×-414.× Ischemic heart disease

420.×-429.× Other forms of heart disease

430.×-438.× Cerebrovascular disease

402.9× Unspecified hypertensive heart disease

785.0 Tachycardia unspecified

785.1 Palpitations
ficiaries. Compared with patients without HF, those with
HF were older (78.5 years vs 75.4 years, P = 0.001), more
likely to be institutionalized (14% vs 4%, P < 0.001) or to
have hypertension (78% vs 65%, P < 0.001), and less likely
to be currently employed (1.6% vs 9.9%, P < 0.001). Most
other characteristics were similar between the AF and
non-AF cohorts. Both AF and HF patients had a signifi-
cantly higher CCI scores than ACS patients without
these conditions.
The ACS patients with AF had significantly higher

annual total healthcare costs than those without AF,
with mean costs of $66,586 and $48,031, respectively
(P < 0.001) (Table 3). Inpatient hospital ($35,737 vs
$26,385; P = 0.003) and medical provider costs ($12,284
vs $8,866; P < 0.001) were the major cost drivers and
were significantly higher for patients with AF compared
with those without it. Similar results were found in the
HF cohort comparisons. Compared with non-HF benefi-
ciaries, those with HF had higher total costs ($64,548 vs
$46,268; P < 0.001), with inpatient hospital ($32,782 vs
26,070; P = 0.013), and medical provider costs ($10,605
vs $8,929; P = 0.024) being the two major components.
Figure 1 shows that both AF and HF patients had

significantly lower probabilities of survival compared
with those without these conditions (P < 0.001 for both).
When assessing CV-related readmissions among ACS
patients who were discharged alive (Figure 2), AF and
HF patients also had significantly lower probabilities of
outcome-free survival than their counterparts without
these conditions (P < 0.001 for both). After adjusting
for patient characteristics (Table 4), HF was associated
with a 41% higher risk of mortality (HR = 1.41; 95% CI
1.05–1.89), whereas increases in mortality risk associated
with AF were not significant (HR = 1.15; 95% CI 0.81–
1.64). Other factors associated with a higher risk of
mortality included older age (<75 years as reference;
75–84 years HR = 2.68, 95% CI 1.72–4.19; 85+ years
HR = 4.98, 95% CI 3.04–8.14) and a CCI ≥4 (HR = 2.19;
95% CI 1.61–2.99 compared with CCI = 0–1). Both AF
(HR = 1.46; 95% CI 1.14–1.87) and HF (HR = 1.61;
95% CI 1.26–2.06) were associated with higher risks
of CV-related readmissions. No other variables in the
model of CV-related readmissions were significant.
After adjusting for patient socio-demographic char-

acteristics (Table 5), we found ACS patients with AF
incurred healthcare costs that were 1.21 times of the
costs in patients without AF (P = 0.008). ACS patients
with HF incurred healthcare costs that were 1.25
times of the costs in patients without HF (P = 0.001).
Patients with CCI score equal to or greater than 4
also had higher total healthcare costs compared to
those with CCI = 0 or 1 (P = 0.004). Other socio-
demographic variables in the model were not statisti-
cally significant.



Table 2 Demographic and socioeconomic characteristics of Acs patients by comorbid arial fibrillation and heart failure

AF cohorts HF cohorts

AF Non-AF P value HF Non-HF P value

Number of patients 106 689 198 597

Represented number of patients (%) 332553 (13.1%) 2209658 (86.9%) 582767 (22.9%) 1959444 (77.1%)

Age: mean (SE) 77.87 (0.95) 75.79 (0.38) 0.071 78.48 (0.70) 75.35 (0.41) 0.001

Male (%) 45.20 49.76 0.392 42.16 51.24 0.171

Race (%): N/A N/A

White 85.91 86.08 82.65 87.08

Non-white 14.09 13.76 16.77 12.92

Missing or unknown 0.00 0.15 0.58 0.00

Region (%): N/A 0.215

Northeast 20.36 17.68 20.45 17.32

Midwest 33.22 23.34 20.39 25.90

South 36.74 43.11 40.04 42.95

West 9.68 13.47 16.01 12.08

Puerto Rico 0.00 2.39 3.11 1.77

Education level (%): 0.477 0.001

Less than high school 41.29 35.53 46.00 33.39

High school or more 57.53 63.17 51.48 65.68

Unknown/Missing 1.18 1.31 2.52 0.92

Marital status (%): N/A N/A

Married 32.36 46.31 32.68 48.00

Widowed 48.18 37.53 51.69 35.13

Other (separated/divorced/never married) 19.46 16.15 15.63 16.87

Missing 0.00 0.10 0.00 0.11

Living situation (%): 0.480 <0.001

Community dwelled 92.02 93.89 86.00 95.92

Institutionalized 7.98 6.11 14.00 4.08

Employment status: currently employed (%) 2.97 8.80 0.077 1.61 9.94 <0.001

Income level: less than $25,000 (%) 71.66 66.56 0.268 78.15 63.98 <0.001

Charlson Comorbidity Index: Mean (SE) 3.82 (0.27) 2.23 (0.09) <0.05 4.45 (0.20) 1.84 (0.08) <0.05

Distribution of Charlson Comorbidity score (%): <0.001 <0.001

0–1 14.89 43.85 10.74 48.78

2 16.84 20.69 10.95 22.93

3 23.29 13.24 24.13 11.70

4+ 44.97 22.23 54.19 16.58

Hypertension (%) 75.05 66.84 0.071 77.93 64.93 <0.001

Hyperlipidemia (%) 46.48 47.58 0.842 47.93 47.29 0.877

AF, atrial fibrillation; HF, heart failure; N/A, not applicable (statistics could not be produced when any cell size was equal to zero); SE, standard error.
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Discussion
In this nationally representative sample of Medicare
beneficiaries, ACS with comorbid AF and HF was asso-
ciated with greater clinical and economic burdens,
compared with ACS without these conditions. The
prevalence rate of AF reported in this study (13.1%) is
slightly higher than in a previous study that reported
prevalence rates of preexisting AF (11.4%) before hospi-
talization for ACS, likely because we studied an older
population [11]. Similarly, the prevalence rate of preex-
isting HF was also higher (22.9%) than in two earlier
studies, probably reflecting age differences in the study
populations. However, the prevalence might not be dir-
ectly comparable, as those prior studies reported HF on



Table 3 Annual healthcare costs of ACS patients by comorbid arial fibrillation and heart failure

AF cohorts HF cohorts

AF Non-AF P value HF Non-HF P value

Annual total healthcare costs: mean (SE) $66586 (4309) $48031 (1500) <0.001 $64548 (3878) $46268 (1355) <0.001

Inpatient hospital $35737 (2989) $26385 (1108) 0.003 $32782 (2667) $26070 (1005) 0.013

Medical provider $12284 (834) $8866 (414) <0.001 $10605 (673) $8929 (432) 0.024

Short-term facility $5159 (1316) $2891 (294) 0.036 $5111 (903) $2615 (344) 0.005

Long-term facility $3335 (885) $3100 (380) 0.823 $7018 (987) $1974 (296) <0.001

Outpatient hospital $5169 (1170) $2666 (258) 0.009 $3950 (747) $2709 (256) 0.077

Prescribed medicine $2704 (343) $2531 (95) 0.623 $2556 (288) $2553 (99) 0.993

Home health $2005 (357) $1165 (132) 0.011 $2061 (300) $1041 (125) <0.001

Dental $92 (34) $225 (30) 0.029 $66 (16) $250 (34) <0.001

Hospice $100 (58) $202 (57) 0.287 $398 (155) $126 (47) 0.042

AF, atrial fibrillation; HF, heart failure; SE, standard error.
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presentation, and one of the two studies [14] excluded
patients with prior HF (prevalence rates 22.7% and 13%,
respectively) [14,19]. With up to 2.5 years of follow-up,
the unadjusted results in our study showed that patients
with comorbid AF or HF were at a higher risk of mortal-
ity and CV-related readmission than their counterparts
without AF or HF. The adjusted results, controlling for
patient characteristics, showed a 46% increased risk of
CV-related readmission associated with AF and a 61%
risk of CV-related readmission and 41% increased risk of
mortality associated with HF.
The major distinctions between our study and earlier

studies examining the risk of morbidity and mortality as-
sociated with AF in an ACS population are that 1) our
study sample included Medicare beneficiaries who were
aged 65 years or older, and 2) we captured preexisting
AF. Unlike prior observational studies with access to
medical charts to determine onset of AF during hospita-
lization [11-13], our use of medical claims as a source of
diagnosis precluded the identification of new-onset AF.
Lopes et al and Torres et al demonstrated that AF com-
plicating ACS was associated with a relative risk of 2.89
times the 6-month mortality rate and a 1.67–2.37
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Figure 1 Kaplan–Meier curves for survival from admission of acute co
heart failure (HF).
relative risk of mortality up to 1 year [12,13]. Although
Lau et al distinguished between prevalent and new-
onset AF, they showed an increased risk of unadjusted
mortality (HR = 2.94, 95% CI 2.11–4.09) as we did;
however, the investigators also found an increased risk
(HR = 1.42, 95% CI 1.01–1.99) after regression adjust-
ment, contrary to our null finding [11]. It is worth not-
ing that their non-AF population was approximately 12
years younger (mean age = 63 years) than ours. This rela-
tively younger age could have been responsible for the
difference in results between the two studies. The add-
itional findings related to CV-related readmission in our
study would have policy implications, especially for the
Medicare program, when patients survive the initial
events and are transitioned back to the community. The
associated risk of CV-related readmission should be
considered when evaluating the cost-effectiveness of inter-
ventions or therapies in ACS patients with comorbid AF.
There is only one prior study examining the impact of

HF on outcomes beyond hospitalization in patients with
ACS [14]. The GRACE registry reported a higher risk
of 6-month mortality in patients presenting with HF at
the ACS admission, compared with those without HF
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Time Index date 1 year 2 year Time Index date 1 year 2 year

Number of AF patients at risk 88 8 2 Number of HF patients at risk 167 17 3

Number of non-AF patients at risk 617 133 28 Number of non-HF patients at risk 538 124 27
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Figure 2 Kaplan–Meier curves for cardiovascular-readmission of acute coronary syndrome patients by comorbid arial fibrillation (AF)
and heart failure (HF).

Table 4 Regression models for mortality and CV-readmission

Mortality CV-related readmission

(N = 795) (N = 705 among patients discharged alive)

HR 95% CI HR 95% CI

Atrial fibrillation 1.15 (0.81–1.64) 1.46 (1.14–1.87)

Heart failure 1.41 (1.05–1.89) 1.61 (1.26–2.06)

Age <75 Reference Reference

Age 75–84 2.68 (1.72–4.19) 0.95 (0.72–1.24)

Age 85+ 4.98 (3.04–8.14) 0.99 (0.75–1.30)

Male 1.18 (0.83–1.68) 0.94 (0.71–1.24)

Female Reference Reference

Race: White Reference Reference

Race: Non-white 0.82 (0.54–1.25) 0.90 (0.65–1.25)

Income: ≥$25,000 0.79 (0.51–1.20) 0.99 (0.78–1.27)

Income: <$25,000 Reference Reference

Education: Some high school or less Reference Reference

Education: High school graduate 0.79 (0.57–1.09) 0.89 (0.68–1.17)

Employment status: Currently employed 0.62 (0.25–1.56) 1.02 (0.58–1.81)

Employment status: Unemployed Reference Reference

Marital status: Married Reference Reference

Marital status: Widowed 1.06 (0.72–1.58) 1.05 (0.75–1.46)

Marital status: Other 1.49 (0.92–2.41) 1.24 (0.88–1.74)

CCI score = 0–1 Reference Reference

CCI score = 2 0.91 (0.59–1.39) 1.14 (0.84–1.54)

CCI score = 3 1.31 (0.81–2.11) 1.20 (0.85–1.70)

CCI score = 4+ 2.19 (1.61–2.99) 1.29 (0.95–1.74)

HR, Hazard Ratio; CI, Confidence Interval; CCI, Charlson Comorbidity Index.
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Table 5 Regression model for total healthcare costs

Total healthcare costs

(N = 795)

Coefficient Relative cost ratio P value

Atrial fibrillation 0.192 1.212 0.008

Heart failure 0.227 1.255 0.001

Age <75 Reference

Age 75–84 0.102 1.107 0.114

Age 85+ −0.023 0.977 0.761

Male 0.012 1.012 0.843

Female Reference

Race: White Reference

Race: Non-white 0.058 1.060 0.471

Income: ≥$25,000 0.106 1.112 0.183

Income: <$25,000 Reference

Education: Some high
school or less

Reference

Education: High
school graduate

−0.051 0.950 0.464

Employment status:
Currently employed

0.077 1.080 0.623

Employment status:
unemployed

Reference

Marital status: Married Reference

Marital status: Widowed 0.029 1.029 0.664

Marital status: Other 0.148 1.160 0.083

CCI score = 0–1 Reference

CCI score = 2 0.004 1.004 0.958

CCI score = 3 0.079 1.082 0.326

CCI score = 4+ 0.269 1.309 0.004

CCI, Charlson Comorbidity Index.
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(HR = 3.8; 95% CI 3.3–4.4). Our study of this nationally
representative Medicare population, which followed pa-
tients for up to 2.5 years, also found a 41% higher risk of
mortality associated with preexisting HF. In addition,
we observed a 61% increased risk of CV-related read-
mission. Our findings provide further evidence of HF-
associated long-term burden on elderly ACS patients in
the United States and underscore the importance of
treatment strategies to effectively manage and improve
outcomes for these patients.
Although several earlier studies have examined costs

associated with AF or HF in the Medicare population,
[20-23] the incremental costs of these comorbid condi-
tions have not been examined among ACS patients spe-
cifically. We found that ACS patients with AF or HF
incurred higher costs than their counterparts without
the comorbid condition. Two prior studies reported the
incremental costs of AF in Medicare patients to be
$14,199 and $24,235 [20,21], whereas we found the
incremental cost in ACS patients to be $18,555. Differ-
ences in hospitalization rates accounted for half of the
incremental cost of AF. The current literature provides
very little information about incremental costs for Medi-
care HF patients. In this ACS population, we found the
incremental cost of HF to be $18,280; two-thirds of the
incremental costs can be attributed to cost differences in
hospitalization and long-term care facilites. These data
suggest that the economic burden associated with co-
morbid AF and HF in ACS patients may be related to a
higher likelihood of readmission or a greater need for
long-term care placement. Further assessment and inter-
ventions targeting patients with ACS and comorbid AF
and/or HF may help Medicare manage the substantial
economic burden.
The findings of this study should be interpreted in the

context of several limitations. Healthcare costs were
collected through both self-report and Medicare claims
and might be underreported. Self-reported survey data
are subject to recall bias. Diagnoses were determined
from Medicare Part A and Part B claims, and medical
services covered by other insurers or paid out-of-pocket
were not captured. This might have resulted in misclas-
sifying comorbid AF and HF. By the same token, major
outcomes not captured in the dataset might lead to
underestimation of the burden. While regressions were
used to adjust for confounders when assessing the
associated risk of comorbid AF and HF on outcomes,
unobservable confounders might have led to biased
estimates.
Conclusion
Using a nationally representative sample of Medicare
beneficiaries, we observed a significant clinical and eco-
nomic burden among patients hospitalized for ACS who
had comorbid AF and HF. Interventions and cost-
effective strategies to improve outcomes and quality of
care for patients with these comorbid conditions should
be considered.
Abbreviations
AF: Atrial fibrillation; HF: Heart failure; ACS: Acute coronary syndrome;
CV: Cardiovascular; CI: Confidence interval; HR: Hazard ratio;
MCBS: Medicare current beneficiary survey; ICD-9-CM: International
classification of diseases, ninth revision, clinical modification;
CCI: Charlson comorbidity index.
Competing interests
SC, LB, MS are employees of Evidera, which provides consulting and
other research services to pharmaceutical, device, government, and
non-government organizations. In this salaried position, they work
with a variety of companies and organizations and are precluded from
receiving payment or honoraria directly from these organizations for
services rendered. CC and JS are employees of Janssen Scientific Affairs,
LLC (a Johnson & Johnson company), and are shareholders of Johnson
& Johnson.



Chen et al. BMC Health Services Research 2014, 14:80 Page 8 of 8
http://www.biomedcentral.com/1472-6963/14/80
Authors’ contributions
SC made signification contribution in study design, analysis and interpretation
of data, and drafting and revising the manuscript. MS analyzed the data and
critically reviewed the manuscript. LB participated in study design, acquisition of
data, and review of the manuscript. CC and JS contributed in study conception
and design, interpretation of data, and providing final approval for publication.
All authors read and approved the final manuscript.

Acknowledgments
The authors wish to acknowledge Ruth Sussman, PhD, who provided
editorial support with funding from Janssen Scientific Affairs, LLC.

Funding
The study was funded by Janssen Scientific Affairs, LLC, a Johnson & Johnson
company.

Author details
1Evidera, 430 Bedford Street Suite 300, Lexington, MA 02420, USA. 2Janssen
Scientific Affairs, LLC, 1000 Route 202, Raritan, NJ, USA.

Received: 20 March 2013 Accepted: 7 January 2014
Published: 20 February 2014

References
1. Roger VL, Go AS, Lloyd-Jones DM, Benjamin EJ, Berry JD, Borden WB, Bravata

DM, Dai S, Ford ES, Fox CS, Fullerton HJ, Gillespie C, Hailpern SM, Heit JA,
Howard VJ, Kissela BM, Kittner SJ, Lackland DT, Lichtman JH, Lisabeth LD,
Makuc DM, Marcus GM, Marelli A, Matchar DB, Moy CS, Mozaffarian D,
Mussolino ME, Nichol G, Paynter NP, Soliman EZ, Sorlie PD, Sotoodehnia N,
Turan TN, Virani SS, Wong ND, Woo D, Turner MB: Heart disease and stroke
statistics—2012 update: a report from the American Heart Association.
Circulation 2012, 125:e2–e220.

2. Kolansky DM: Acute coronary syndromes: morbidity, mortality, and
pharmacoeconomic burden. Am J Manag Care 2009, 15:S36–S41.

3. Ehrlich JR, Nattel S, Hohnloser SH: Atrial fibrillation and congestive heart
failure: specific considerations at the intersection of two common
and important cardiac disease sets. J Cardiovasc Electrophysiol 2002,
13:399–405.

4. Lau DH, Alasady M, Brooks AG, Sanders P: New-onset atrial fibrillation and
acute coronary syndrome. Expert Rev Cardiovasc Ther 2010, 8:941–948.

5. Wang TJ, Larson MG, Levy D, Vasan RS, Leip EP, Wolf PA, D’Agostino RB,
Murabito JM, Kannel WB, Benjamin EJ: Temporal relations of atrial
fibrillation and congestive heart failure and their joint influence on
mortality: the Framingham heart study. Circulation 2003, 107:2920–2925.

6. Go AS, Hylek EM, Phillips KA, Chang Y, Henault LE, Selby JV, Singer DE:
Prevalence of diagnosed atrial fibrillation in adults: national implications
for rhythm management and stroke prevention: the Anticoagulation and
Risk Factors in Atrial Fibrillation (ATRIA) study. JAMA 2001, 285:2370–2375.

7. Lakshminarayan K, Solid CA, Collins AJ, Anderson DC, Herzog CA: Atrial
fibrillation and stroke in the general Medicare population: a 10-year
perspective (1992 to 2002). Stroke 2006, 37:1969–1974.

8. Miyasaka Y, Barnes ME, Gersh BJ, Cha SS, Bailey KR, Abhayaratna WP, Seward
JB, Tsang TS: Secular trends in incidence of atrial fibrillation in Olmsted
County, Minnesota, 1980 to 2000, and implications on the projections
for future prevalence. Circulation 2006, 114:119–125.

9. Kim MH, Johnston SS, Chu BC, Dalal MR, Schulman KL: Estimation of total
incremental health care costs in patients with atrial fibrillation in the
United States. Circ Cardiovasc Qual Outcomes 2011, 4:313–320.

10. Heidenreich PA, Trogdon JG, Khavjou OA, Butler J, Dracup K, Ezekowitz MD,
Finkelstein EA, Hong Y, Johnston SC, Khera A, Lloyd-Jones DM, Nelson SA,
Nichol G, Orenstein D, Wilson PW, Woo YJ: Forecasting the future of
cardiovascular disease in the united states: a policy statement from the
American Heart Association. Circulation 2011, 123:933–944.

11. Lau DH, Huynh LT, Chew DP, Astley CM, Soman A, Sanders P: Prognostic
impact of types of atrial fibrillation in acute coronary syndromes.
Am J Cardiol 2009, 104:1317–1323.

12. Lopes RD, Pieper KS, Horton JR, Al-Khatib SM, Newby LK, Mehta RH, Van de
Werf F, Armstrong PW, Mahaffey KW, Harrington RA, Ohman EM, White HD,
Wallentin L, Granger CB: Short- and long-term outcomes following atrial
fibrillation in patients with acute coronary syndromes with or without
ST-segment elevation. Heart 2008, 94:867–873.
13. Torres M, Rocha S, Marques J, Nabais S, Rebelo A, Pereira MA, Azevedo P,
Correia A: Impact of atrial fibrillation in acute coronary syndromes.
Rev Port Cardiol 2008, 27:1407–1418.

14. Steg PG, Dabbous OH, Feldman LJ, Cohen-Solal A, Aumont MC, Lopez-Sendon
J, Budaj A, Goldberg RJ, Klein W, Anderson FA Jr: Determinants and prognos-
tic impact of heart failure complicating acute coronary syndromes:
observations from the Global Registry of Acute Coronary Events (GRACE).
Circulation 2004, 109:494–499.

15. Steg PG, Goldberg RJ, Gore JM, Fox KA, Eagle KA, Flather MD, Sadiq I,
Kasper R, Rushton-Mellor SK, Anderson FA, GRACE Investigators: Baseline
characteristics, management practices, and in-hospital outcomes of
patients hospitalized with acute coronary syndromes in the Global Registry
of Acute Coronary Events (GRACE). Am J Cardiol 2002, 90:358–363.

16. Adler GS: A profile of the medicare current beneficiary survey.
Health Care Financ Rev 1994, 15:153–163.

17. D’Hoore W, Bouckaert A, Tilquin C: Practical considerations on the use
of the charlson comorbidity index with administrative data bases.
J Clin Epidemiol 1996, 49:1429–1433.

18. Mihaylova B, Briggs A, O’Hagan A, Thompson SG: Review of statistical
methods for analysing healthcare resources and costs. Health Econ 2011,
20:897–916.

19. Roe MT, Chen AY, Riba AL, Goswami RG, Peacock WF, Pollack CV Jr, Collins
SP, Gibler WB, Ohman EM, Peterson ED: Impact of congestive heart failure
in patients with non-st-segment elevation acute coronary syndromes.
Am J Cardiol 2006, 97:1707–1712.

20. Amin AN, Jhaveri M, Lin J: Incremental cost burden to us healthcare
payers of atrial fibrillation/atrial flutter patients with additional risk
factors. Adv Ther 2011, 28:907–926.

21. Lee WC, Lamas GA, Balu S, Spalding J, Wang Q, Pashos CL: Direct
treatment cost of atrial fibrillation in the elderly American population:
a Medicare perspective. J Med Econ 2008, 11:281–298.

22. Unroe KT, Greiner MA, Hernandez AF, Whellan DJ, Kaul P, Schulman KA,
Peterson ED, Curtis LH: Resource use in the last 6 months of life among
Medicare beneficiaries with heart failure, 2000–2007. Arch Intern Med
2011, 171:196–203.

23. Whellan DJ, Greiner MA, Schulman KA, Curtis LH: Costs of inpatient
care among Medicare beneficiaries with heart failure, 2001 to 2004.
Circ Cardiovasc Qual Outcomes 2010, 3:33–40.

doi:10.1186/1472-6963-14-80
Cite this article as: Chen et al.: Outcomes associated with comorbid
atrial fibrillation and heart failure in medicare beneficiaries with acute
coronary syndrome. BMC Health Services Research 2014 14:80.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Data source
	Study sample selection
	Patient characteristics
	Healthcare costs
	Study outcomes
	Analysis

	Results
	Discussion
	Conclusion
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Funding
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


